ABSTRACT: A regional comparison of the life cycle of Rhincalanus gigas was undertaken on the basis of selected net haul data collected in the Atlantic sector of the Southern Ocean between the years 1928 and 1993. Data were pooled into 3 regions, a northern region (NR) extending from the Scotia Sea to the sub-Antarctic Front and incorporating the Polar Front and Polar Frontal Zone, the Weddell-Scotia Confluence (WSC) and the Eastern Weddell Sea (EWS). There are distinct regional contrasts in the physical environment, the NR being largely ice-free throughout the year compared to the 9 mo ice cover found in the EWS. R. gigas was more abundant in the NR, particularly a t the Polar Front, than in either the WSC or EWS and seasonal fluctuations in abundance in all regions were low. A clear seasonal vertical migration pattern was found in the NR and EWS, with the population commencing its descent in February in both; however, arrival back in the surface waters was up to 2-3 nlo earlier in the NR and recruitment commenced correspondingly sooner. In the WSC no clear seasonal pattern could be resolved, w h~c h probably reflects this region's dynamic nature. Clear differences in overwintering stage structure were also seen between the NR and EWS. In the former, the new generation overwinters mainly a s CIII, compared to C11 in the EWS. A winter decline in the abundance of CIV to CV1 in the NR and their clear recruitment from October onwards suggests that a proportion of the population has a 1 yr life cycle. In contrast in the EWS a strong overwintering presence of CIV to CV1 suggests that 2 yr 1s more likely. In both regions females were present throughout the year indicating their ability to overwinter and possibly spawn again. Low mortal~ty rates (<0.004 d-') in both reglons during the autumn and winter offer further support for a 2 yr life cycle.
INTRODUCTION
and are reflected in species ecology. Whilst the response of the dominant copepod species to this Primary production in the Antarctic pelagial is seasonality has in the past appeared superficially simimarkedly seasonal and this has major effects on the life lar, recent research has demonstrated distinct differcycles of many of its inhabitants. Regional variations in ences in certain aspects of their biology. Thus llpid the nature, extent and timing of primary production storage patterns (Hagen et al. 1993, Kattner & Hagen are pronounced (Treguer & Jacques 1992 , Laubscher 1995 , Ward et al. 1996b ), diet (Hopkins & Torres 1989 , Hopkins et al. 1993 , Atkinson 1994 , patterns of seasonal migration (Marin 1988a , Atkinson 1991 ) and the timing of reproduction (Marin 1988a , Atkinson 1991 , Ward et al. 1996b ) have all been shown to differ.
Of the biomass-dominant copepods in the Southern Ocean the life-history and ecology of Rhincalanus gigas is arguably the least well understood. This large eucalaniid has a widespread distribution, occurring in the sub-Antarctic to the north and as far south as the Antarctic Coastal Current although it is essentially an inhabitant of the Polar Frontal Zone (Ommanney 1936) .
Estimation of rates of growth and development and life-cycle duration of Rhincalanus gigas has remained problematic largely because of logistic difficulties in adequately sampling the wide area over which this species occurs. Interpretations are made more difficult by the fact that much of the sampling has been carried out in the short austral summer and out of necessity data have to be spatially and temporally averaged. Stage frequency distributions of R. gigas thus often fail to clearly show cohorts and their progression. Estimates of generation time accordingly vary from 1 to 2 yr and a 'flexibility' has been attributed to its life cycle (Marin 1988a, b) which may mask real spatial and temporal differences.
In an attempt to understand more of the ecology of Rhincalanus gigas we have re-examined available data on its abundance, stage composition and vertical distribution on a regional basis. Most data are ava1.1-able from the South Atlantic sector between 0" and 80" W and so we have compiled ex~sting data sets and grouped them into 3 main areas (Fig. 1) . First, a northern region (NR) including stations worked in the subAntarctic and Polar Frontal Zones and the Scotia Sea, second, from samples taken within the Weddell-Scotia Confluence (WSC) and third, in the Eastern Weddell Sea (EWS). We have focused on determining the extent to which life-cycle characteristics vary in these regions and assessing the concept of a flexible life cycle. -Antarct~c Zone C -Weddell-Scot~a Confluence (WSC) 0 -Eastern Weddell Sea (EWS) Fig. 1 . Position of sampling stations classified by temperature according to Atkinson et al. (1997) . NB: stations classified as EWS include 6 from the Western Weddell Sea [see Table 3) 
METHODS
Criteria for the discrimination of water masses and for the acceptance of data are as detailed in Atkinson et al. (1997) . Briefly, published and unpublished data sets on abundance and developmental stage structure of Rhincalanus gigas in the 0" to 80" W sector were evaluated and those that met the following criteria were included: (1) all hauls should have been carried out in water exceeding 1000 m depth; (2) nets should where possible have fished to 1000 m so as to adequately sample the majonty of the population at all times of year; and (3) in order to adequately sample juvenile stages, net mesh should not exceed 200 pm Exceptions to these criteria were made in the case of a series of summer SIBEX (Second International Biological Experiment) stations located principally in the WSC, where nets were fished to 500 m and for winter and summer sample sets from South Georgia where a 330 pm net was used. Given the time of year and the anticipated depth distribution and stage structure of the population we judged that the species was quantitatively sampled on all occasions.
Data used in this analysis are summanzed in Tables 1-3 and station positions are given in Fig. 1 .
For an organism such as Rhlncalanus gigas whose life span appears to be measurable in months to years the 3 regions selected represent the appropriate spatial scale of investigation. Although the NR is broad in extent, and includes the Polar and sub-Antarctic fronts, further sub-division into regional sub-areas would have meant a reduction in their seasonal coverage, rendering comparisons at this scale difficult. However, R. gigas is widespread throughout this zone, partlcularly in comparison to the Weddell Sea, and a preliminary examination showed that there was no significant restriction in the spread of samples with respect to time of year, although the number available for each subarea varied. We therefore concluded that it was appropriate to include all samples that met the previously defined criteria without introducing sub-regional bias. Regional boundaries are not geographically fixed and movement of water masses, particularly in frontal regions, can be significant. Grouping of stations into regions was therefore accomplished according to temperature at depth (see Atkinson 1991, Atkinson et al. 
RESULTS

Environment
Despite the fact that the areas contrasted in the following analysis form a geographical continuum there are distinct physical differences which justify their separation. The NR is largely free of seasonal ice cover and is dominated by the northeastwards flowing Antarctic Circumpolar Current (ACC). Within this area the Scotia Sea is bounded to the south and east by the WSC and to the north and west by the Antarctic Polar Front (APF) beyond which lies the Polar Frontal Zone (PFZ) and in turn the sub-Antarctic Front (SAF). Although the temperature range in the surface layers across this region may be as much as g°C, for up to 75 % of the year the population resides in deeper water where temperature differences are less marked. During an individual's lifetime in the region it is likely to be transported considerable distances, broadly speaking north and eastwards in summer and southwards during winter, following its seasonal descent (Mackintosh 1937) . The NR as a whole largely corresponds to the Polar Open Ocean Zone (POOZ) (Treguer & Jacques 1992 ) where primary production is variable but generally low (Savidge et al. 1996 ) and the area is considered to be oligotrophic. However, the PFZ is thought to be considerably more productive with an estimated annual primary production of 80 g C m-2 yr-' compared with <40 g C m-2 yr-' elsewhere in the Southern Ocean (Wefer & Fischer 1991 As a region the WSC is the smallest, being bordered to the north by the ACC and to the south by the Weddell Sea. It is a transition zone between these 2 water masses and is characterized by approximately 5 mo of seasonal ice cover (Gloersen et al. 1992) , weak stratification and the presence of Weddell shelf water (Whitworth et al. 1994) . Its influence can be traced eastwards beyond the 0" meridian (Orsi et al. 1993) . Stations in this region include some that although geographically situated in the NW Weddell Sea had temperature profiles that corresponded to WSC water. At the most southerly extent the EWS forms part of the Weddell Gyre, a region of both permanent and seasonal ice cover fed by the Antarctic Coastal Current, within which the annual temperature range in the surface waters is <3"C. Open water is present at most for about 3 mo yr-l. Primary production in this region proceeds in a widely differing number of environments, notably the marginal ice zone, the closed pack ice (also within the ice itself) and in the coastal and continental zones where in certain areas katabatic winds lead to the formation of coastal polynyas. Dense blooms have also been recorded during periods of ice formation during summer (Sakshaug 1989) and fringing the ice shelf in late winterlearly spring (Smetacek et al. 1992) . The amount and availability of food are thus variable and the ability of the individual to exploit it will depend on where in the system the individual is located.
Total abundance
Median abundance values ( abundance is highest in the region of the PF and lowest in the SAF. The possibility of seasonal bias across regions was investigated by plotting data within concurrent 90 d periods running from August 1. Results confirmed the clear differences among the 3 major regions and showed minor seasonal differences within the sub-regions to the north, although maximum abundance was found in all in the February-March period. Abundances in the EWS and the WSC are considerably lower than in the NR.
Total abundance data (excluding nauplii) for all 3 regions are presented in Fig. 3 . In all 3 regions seasonal fluctuations are low, a clear increase only being seen in the NR coincident with the main period of recruitment. The absence of such a n increase in the EWS is probably attributable to the fact that the more restricted sampling regime was not coincident with periods of maximal recruitment. The 2 outlying abun-dance values in the NR that approach 10000 ind. m-' (Fig. 3) were both dominated by younger stages and were broadly coincident in time (20 d difference) but were from different years and different sub-areas within the region, offering some independent confirmation of homogeneity throughout the region. In the WSC total abundance was extremely variable with increased totals due to recruitment occurring around January, being exceeded by several values in September when the population was dominated by older stages.
Vertical distribution
The regional vertical distribution of Rhincalanus gigas has been well described and calculated on a seasonal basis by a number of authors (Voronina 1970 , Marin 1988a , b, Atkinson 1991 , Schnack-Schiel & Hagen 1994 ). It is not our intention to reiterate their data in that form, rather to compare the depth distribution of the regional populations using the median population depth. In the NR and EWS a clear seasonality was evident, with an increase in population median depth during winter (Fig. 4) . Despite differences in sample coverage between these 2 regions it is clear that the timing of the seasonal ascent differs such that the northern population arrives in the surface waters around the beginning of November, some 2 to 3 mo earlier than the EWS population. The winter descent commences from February in both regions, the net effect being that animals in the EWS appear to spend less time in the surface waters. However, this was not the case for the WSC where there was no clear seasonal pattern and population median depth was extremely variable. In all regions the population median depth changes throughout the year and is not static for any appreciable period of time. Eight hauls taken to 1500 m in th.e Scotia Sea mainly during June and early July and to 2000 m in the Weddell Sea (mid September to mid October; Bathmann et al. 1993) indicated that the proportion of the population residing deeper than 1000 m averaged 5 to l l %.
Developmental stage structure
It is necessary to summarize both percentage composition and stage abundance (Fig. 5a & b respectively) as these represent temporally and spatially averaged data and either on its own may be misleading. For instance whilst recruitment clearly increases the proportion of younger stages in the population, the corresponding percentage decline in the older stages does not necessarily imply an absolute decrease in num- bers. The appearance of males in the population appeared to follow a similar pattern in all 3 regions. Following the autumn and early winter period when they formed a negligible proportion of the total population, increases occurred from August-September onwards with a peak of -10% being reached at about the time the population reached the surface waters, i.e. early November in the NR, December in the WSC and February in the EWS. A similar trend was seen for females which achieved maxima (up to 50% of the population, and somewhat more in the WSC) at the same time. Although females subsequently declined a proportion appeared to overwinter in all regions. Recruitment of CIs commenced shortly after the arrival of the population in surface waters. Because of the relatively poor temporal coverage in the EWS at this time CIs were not observed until April although the nearest previous sampling date in February failed to disclose any. Very few CIs overwintered in any region. From this point onwards the simple correspondence in stage distribution observed between regions, albeit offset by 2 to 3 mo, disappeared. In the NR CIIs and CIIIs appeared shortly after CIs and the proportion of both stages passing through into autumn and early winter was highly variable. Data for June and July indicated the proportion of CIIIs in the population to be between 30 and 80% and the proportion of CIIs to be between 5 and 45 %. What is clear is that by the following November both stages were virtually absent from the population. In the WSC, the pattern appeared superficially similar although the relative scarcity of winter samples makes interpretation difficult. In the EWS, an increased proportion of CIIs was seen in late April but not of CIIIs, which showed no obvious seasonal trends.
Of the later stages in the northern region, CVs increased synchronously with males and females from August onwards and then declined in relative importance as the new generation was recruited. The percentage composition data (Fig. 5a ) clearly shows trends of recruitment and the decrease over winter, particularly of CIIIs. Changes in mean abundance of the older stages (CIV to CVI) were seen from September onwards in the NR (Fig. 5b) . The proportion of CIVs initially rose and then declined whilst that of CVs and females rose, peaked in November-December and then generally declined erratically into early winter. The number of CIVs increased again in February and declined into early winter. Overwintering numbers of older stages was low. Nonetheless despite low overall abundance during the early winter period, by August the relative proportion of the stages was changing and moulting was occurring well in advance of the spring bloom.
In the EWS, minima of stages C1 to CIII occurred in January at the same time that the proportion of females was greatest (Fig. 5a) . However, unlike the NR, the temporal resolution was insufficient to observe more than an increase between early February and late April. The percentage peak of females seen in February was accompanied by a decrease in the percentage composition of stages CIV and CV whereas increases in mean abundance in all 3 stages occurred between February and April.
Because of the significance of the winter period in understanding the life cycle a multivariate examination of percentage stage frequency data from the NR and EWS was carried out for the period April to October to compare overwintering population structure. Samples from the WSC were omitted from this analysis, as for the period in question they were few in number. Principal Components Analysis (PCA) based on the correlation data of the % data showed that 67 % of the total variation in the copepodite stages could be represented in 2 dimensions. Fig. 6 shows a bi-plot of the results, which represents the samples in the reduced space and also shows the direction and relative magnitude of the original variables in this space. Despite variability within each region there was a clear distinction in ordination space between them broadly separating out along the %C11 and %CV vectors (Fig. 6) . Subsequent examination of individual stage frequency distributions indicated that in many of the samples from the NR CIII was the dominant stage and that the majority of samples (21 of 31) were unimodal. In contrast, in the EWS, CIIIs were either absent or contributed a low proportion of the total stages. Bimodality (modal peaks C11 and CV-CVI) was a feature of many of the samples (12 of 16). A pooled summary of these hauls is given in Fig. ? .
DISCUSSION
Regional abundance
Rhincalanus gigas has an extensive and circumpolar distribution in the Southern Ocean (Baker 1954 , Voronina 1970 , which based on our analysis is centered around the APF and PFZ. This is consistent with the findings of Ommanney (1936) , although Atkinson (1991) , when plotting the mean abundance from 'Discovery' transects in the Scotia Sea, found it to be equally abundant in the SAF region. Reduced abundance in the Weddell Sea was also noted by Ommanney (1936) and Bathmann et al. (1993) and the species is essentially an inhabitant of the POOZ. Variations in abundance in the different parts of an organism's range are linked to its ability to reproduce successfully and for the progeny to survive and reproduce again, in which context generation time, lifetime fecundity and mortality will be important factors. Rates of emigration/immigration will also be critical and it has been suggested by Ommanney (1936) that R. gigas can be advected southwards into the Weddell Sea during winter when it is resident in the warm deep water. Bathmann et al. (1993) further suggest that here R. gigas only reproduces successfully in the region of the Maud Rise (64" 30' to 66"S, 0" to 2" E). A largely expatriate population which can only reproduce within a restricted area might imply a low abundance but other factors such as a restricted spawning period with females only being present in surface layers for a limited period compared to further north and the possibility of an extended life cycle (see below) are also important. The presence of nauplii in samples taken in the Western Weddell Sea during January (Schnack-Schiel unpubl. data), of ripe females in samples taken in the EWS (Hagen & Schnack-Schiel 1996) and the presence of newly recruited CIs in April demonstrates that spawning does take place outside of the Maud Rise area. The residence time of water in the Weddell Gyre has been estimated as between 2 and 25 yr (Deacon 1979) , clearly sufficient for the completion of life cycles (Hopkins & Torres 1988) , and so the population can be partially self sustaining. We know little about the fecundity of R. gigas in this region but experiments carried out by Ward & Shreeve (unpubl. data) demonstrate that egg hatching at 0°C takes -9 d compared to 4.5 d at 5°C. In light of this it seems probable that lower temperatures will also tend to extend development times of later stages. This and the fact that females are present in surface waters for a restricted period (cf. the NR) suggests a lower fecundity, although the generation time and the ability of females to overwinter and accompanying mortality rates will be crucial. The low abundance found in the WSC may reflect the influence of Weddell Sea water on the population although as is discussed below, aspects of its life cycle are somewhat similar to the NR. The extent to which Rhincalanus gigas is herbivorous and, therefore, dependent on seasonal production for reproduction and growth has been actively discussed in the literature and the balance of opinion supports the view that it is predominantly herbivorous. Gut content analyses have indicated a low incidence of thecate protozoans and metazoans in its gut (Hopkins & Torres 1989) and have also supported the view that this species is trophically inactive during winter (Hopkins et al. 1993) although Mann & Schnack-Schiel (1993) found it eating diatoms in May. Feeding experiments reported by Schnack et al. (1985) , Atkinson (1994) and Atkinson et al. (1996) concur that during the summer and autumn periods diatoms are the main food consumed. During spring in the Bellingshausen Sea an absence of predatory behaviour was noted in distinct contrast to CO-occurring species such as Calanus propinquus and Metridia gerlachei (Atkinson 1995) . Lipid analysis and fatty acid composition also support the idea of a predominantly herbivorous diet (Graeve et al. 1994 , Kattner & Hagen 1995 Graeve et al. (1994) suggested that it was more omnivorous than Calanoides acutus. Crustacean remains are reported as having been found in the guts during winter (Arashkevich 1978 cited in Pasternak et al. 1994 , Bathmann et al. 1993 ) and this needs confirmation. However in light of the species overwintering at depth in all regions and the delay of almost 3 mo in the arrival of the population in the surface waters in the EWS compared to the northern region, it seems reasonable to conclude that phytoplankton availability has a major impact on the timing of the life cycle. Voronina (1970) established such a lag for this species and also for C. acutus and C. propinq u u s which she related to the progressively later appearance of the phytoplankton maximum further south, first proposed by Hart (1942) . It has been suggested that both gonad maturation and egg production in R. gigas are food limited (Ward & Shreeve 1995 , Ward et al. 1996a ) and the significance of reported spawning/recruitment events outside the main production period needs to be assessed in light of this. There are recorded instances of nauplii and young copepodite stages occurring in May and June in the region of the Antarctic Peninsula (Mann & SchnackSchiel 1993) , also in samples from the WSC in June (this paper), at the pack ice edge south of Australia in late May (Ommanney 1936) in the region of the divergence of the Antarctic Coastal Current and the Antarctic Circumpolar Current. Bathmann et al. (1993) report nauplii south of South Georgia near the WSC during September/October and suggest that reproduction in the region of the Maud Rise takes place late in the season. These observations have been recorded either in places where blooms were occurring (Mann & Schnack-Schiel 1993 , Bathmann et al. 1993 or where physical conditions such as convergence/divergence areas may promote their occurrence. Their significance to overall recruitment and hence structure of the populations, at least in the NR, appears to be small (relatively few CIs overwinter, see Fig. 5a ) although an assessment of the other areas is made difficult by the scarcity of winter samples. Nonetheless females are present year round in all regions and may be able to respond opportunistically to the presence of food outside of the main period of primary production.
Development rates and longevity
In our assessment of these characteristics there are distinct differences between the NR and the EWS. We therefore deal with these regions before turning to the WSC, which appears intermediate in some respects. 
Northern region
The age structure of this species is variable among stations with more than 2 or 3 developmental stages being present at any time of year This has led to difficulties in interpretation which, coupled with protracted recruitment (Marin 1988a , b, Atkinson 1991 and reported low growth rates (Schnack et al. 1985) , has led to the suggestion of a 2 yr life cycle (Marin 1988a, b) . Low weight-specific ingestion rates have been reported repeatedly (e.g. Schnack et al. 1985 , Atkinson et al. 1992 and are also suggestive of low growth. However in the NR where the temporal resolution of sampling is finer and the number of samples larger, development through stages C1 to CIV takes place within the space of approximately 2 mo (Fig. 5a, b) . The virtual disappearance from the population of overwintered C1 to CIIIs during November and December implies that the stock of CIVs recruited from February onwards is largely derived from the current year's generation. This rapid succession may in part be the result of averaging over different subregions where recruitment is taking place at different times, but moulting rate experiments carried out during January and February 1996 in the region of South Georgia and the Polar Front (Shreeve & Ward unpubl. data) confirm that development can be rapid. Combining stage durations from these experiments gave a development rate of 37 d from appearance of C1 to the appearance of CIV (74 d C1 to CV). No instances of CVs moulting to females were recorded however during these 2 mo. It is unclear whether the June increase in CVs (Fig. 5) reflects recruitment or interannual variation in abundance. This stage is always present in the population and in terms of abundance appears to decllne erratically from a peak in September. It may be that lower growth rates and the requirement to store lipid prior to overwintering largely restrict its appearance in the population until the following spring. All of the older stages (CIV to CVI) declined to their lowest levels in July and the main overwintering stage was CIII. Abundance of stages CIV to CV1 increased dramatically from August to mid September associated with an accompanying decline in C11 and CIII and these older stages dominated the population from November to January. Although not calculated because they were not enumerated consistently in the raw data, peaks of nauplii were observed from November to late January. The decline in abundance of the older stages in the middle of winter is puzzling. It is coincident with the period when the median population depth is greatest although as only a relatively small proportion of the population overwinters at depths >l000 m it seems to be real. Additionally overall the population mortality is low particularly during winter (see below).
These data are problen~atic in terms of deciding the length of the life cycle. Clear differences can be seen between the overwintering stage structure of this species and Calanoides acutus for which Atkinson et al. (1997) suggest a predominantly 1 yr life cycle in both the Scotia Sea and EWS regions. This was characterised by adults appearing in the population during late winter, a period of recruitment restricted largely to spring followed by the virtual disappearance of the adult stock and their replacement by the overwintering stock comprising almost exclusively stages CIV and CV. For a 2 or multiyear life cycle representatives of at least 2 generations should be present post recruitment and bi-or polymodal distributions should be seen during the winter period, with the new generation significantly outnumbering the older ones.
The presence of females throughout the year does not preclude a 1 yr life cycle, but suggests that at least some are able to overwinter and possibly reproduce again. Similarly stages CIV and CV, although declining to low levels, particularly during winter, persist in the population all year. Whether this arises because there is a mixing of generations during the summer when some CIVs and CVs from the previous year fail to moult and mix with early maturing copepodites from the current generation or whether they form an overwintering cohort is not immediately obvious. For an organism such as Rhincalanus gigas which exhibits large adult body size, low weight-specific growth and where reproductive processes appear to be largely food limited it is puzzling that moulting rates, and we assume growth, appear to be rapid during the classically food limited period during late winter. Intuitively we would not have been surprised if, as Miller et al. (1984) have proposed for Eucalanus bungii in the subarctic Pacific and Marin (1988a, b) suggested for this species, the life cycle in all regions exceeded 1 yr. The major difficulty in interpreting our NR data in this way is the absence of significant numbers of overwintering late stages which suggests that here the majority of adults in the population are only 1 yr old.
Eastern Weddell Sea
Winter data from this region are sparse. The presence of nauplii in January in the western part of the Weddell Gyre and the appearance of stages C1 and C11 in late April suggest that recruitment again takes place when the population reaches the surface waters. Temporal resolution is low as is the overall abundance of the early stages, but Figs. 5 & 7 show that C11 is one of the main overwintering stages, which is also suggested for some of the stations studied in Bathmann et al. (1993) . The younger stages persist in the population until mid summer the following year, when an increase in stages CIV and CV is seen. Females dominate from November/December through until April. Thus in contrast to the NR, CIV and CV also form a significant proport~on of the overwintering population. This distinction was also clearly implicated as a reason for the clear differences in the ordination between the NR and EWS samples (Fig. 6) . It is therefore probable that females are not ready to spawn until their second summer and the generation time for the majority of the population in the EWS is 2 yr. Bathmann et al. (1993) suggest that females may re-enter diapause in the central part of the Weddell Sea and on the basis of the stage frequency composition the same is probably true in the present analysis. The fact that the seasonal change in population abundance is relatively small compared to other biomass dominant species (Atkinson 1991) and our suggestion of a 2 yr life cycle in the EWS suggest that population mortality should be low. We have esti- mated mortality in the northern region from a point where population recruitment is essentially complete (February) until just prior to the next appearance of CIs (November). Although some recruitment is apparent in April (which would act to decrease the apparent mortality rate) numbers are comparatively low (Fig. 5b) . On the same basis, we have estimated mortality from late April until February in the EWS. The mortality rate was similar in both regions (<0.004 d-l) and April to September data from the NR suggest that winter rates may be lower than this (Fig. 8) . On the basis of a 1 yr life cycle 30 to 35% of the NR's February copepodid population would survive until November/December although this may include a proportion of second year overwintering females. In the EWS where a 2 yr life cycle is suggested, 25Y0 of the April population would remain the following April and -10% would survive to spawn the following December. Possible life cycles discussed above are presented schematically in Fig. 9 .
Weddell-Scotia Confluence
In this oceanographically complex transition region a somewhat variable population composition can be seen. Overall abundance is low and similar to that found in the EWS although whether this reflects the influence of Weddell Sea waters or other factors is not clear. Newly recruited stages C1 to CIII appear around the beginning of January and until June/July con~prise a variable proportion of the population although they have virtually disappeared by the following December. Spawning must therefore have commenced at least 1 mo prior to their appearance (allowing for naupliar development) coincident with the period when females consistently comprised around 50% of the total population. Stages CIV and CV comprise variable proportions of the population between September and November and then decline somewhat erratically to reach early overwintering minima similar to that observed in the NR. Females and males dominate the population from September onwards until the new generation appears, implying that the majority of stages CIV and CV moult quickly into adults and are not generally overwintering stages, although the data for September are equivocal in this respect. Low early overwintering numbers of later stages are also suggestive of a 1 yr life cycle with the probability that a variable number of females overwinter and survive into their second summer. The extent to which the variable influence of the neighbouring water masses affects population processes is unclear, although year to year variations are to be expected, dependent on which exerts the dominant influence.
In all regions moulting is mostly initiated well before the spring bloom. It is unlikely that structural growth in Rhincalanus gigas is achieved entirely by lipid mobilization at this time a s the difference in mass between CIII, CIV and CVs a n d adults is considerable (Conover & Huntley 1991 , Schnack-Schiel & Hagen 1994 . Rapid spring moulting (pulse moulting) of CIV and CV Calanoides acutus has been observed by Huntley et al. (1994) in the Bransfield Strait region during October when 80% of CVs moulted to adults within 15 d, a rate much faster than experienced later in the season. A similar pattern is seen for C. acutus in all 3 regions (Atkinson et al. 1997) with males appearing in the NR as early as August and in the EWS in October and females slightly later. However CIs were not apparent until late November to January in the NR and February in the EWS when more food is likely to have been available. Spawning in this species, particularly in the NR, appears to commence prior to any significant increase in food levels a s blooms in this area in November are rare (Treguer & Jacques 1992, although see El-Sayed & Weber 1982). R. gigas appears to follow a similar pattern, at least in terms of rapid moulting to the adult stage, but the new generation appears later than C. acutus in all areas. It is likely that egg production is food limited to a greater extent than in C. acutus and an external food supply is required.
Conclusions
The 'flexibility' attributed to Rhincalanus gigas appears to be linked to its ability to withstand food shortages and in particular for early copepodite stages to overwinter Unlike Calanoides acutus, which appears to be able to complete its life cycle in 1 yr even in the EWS, R. gigas appears to be able to accomplish this only in the NR and possibly in the WSC. The relative effects of temperature and food on development rates are difficult to discern in this environment. Atkinson et al. (1997) concluded that on balance slightly higher phytoplankton biomass in the EWS may offset any tendency of a lower temperature to extend generation time in C. acutus. This appears insufficient to enable R. gjgas to complete its life cycle in 1 yr here and it may b e that its larger size and lower weight-specific growth rates, particularly of the older copepodids, mean that the relative shortness of the production season in the EWS is of critical importance. However, the ability of young copepodite stages to overwinter coupled with a low population mortality strongly suggests that R. gigas can survive periods of food limitation and overwinter for a second time in the NR if required and in the EWS as a matter of necessity.
